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(54) Ink jet recording apparatus and method of correcting calculation of ink consumed therein 



(57) An ink cartridge (9) forsupplying ink to a record- 
ing head (6) is detachably r jounted on a cartridge holder 
(8). A calculator (72) performs calculation of an ink 
amount consumed by the recording head (6). A counter 
(80) updates a residual ink amount in the mounted ink 
cartridge (9) based on the consumed ink amount calcu- 
lated by the calculator (77). A monitor monitors an ink 



amount contained in the mounted ink cartridge to judge 
at least an ink-end state in which the ink amount in the 
ink cartridge is a predetermined amount or less. A cor- 
rector (B4) corrects the way of calculation in the calcu- 
lator based on the residual ink amount indicated by the 
counter, when the monitor judges that the mounted ink 
cartridge is in the ink-end state. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an ink jet re- 
cording apparatus, and a method of correcting calcula- 
tion of a consumed amount of ink which is supplied from 
an ink cartridge loaded in the recording apparatus in or- 
der to exactly grasp a residual ink amount in the ink car- 
tridge. 

[0002] For example, in an ink jet recording apparatus 
provided for office or business use, an ink cartridge of 
large capacity must be used for dealing with a relatively 
large amount of printing. To cope with this, the ink car- 
tridges of different color inks are loaded to a cartridge 
holder installed to the apparatus body. Subtanks are 
mounted on a carriage with a recording head mounted 
thereon. Ink is supplied from each ink cartridge to the 
associated subtank via an ink replenishing tube, and 
then is supplied to the recording head, from the subtank. 
[0003] The ink cartridge used by the recording appa- 
ratus thus constructed is provided with an ink-end de- 
terminant for verifying as to whether or not each ink car- 
tridge is in an ink-end state. An ink-end determinant is 
proposed which counts up the number of ink drops eject- 
ed from the recording head in accordance with print data 
and the number of ink drops ejected from the recording 
head based on a flushing operation, converts the count 
value into a consumed ink amount, and estimates an 
ink-end state based on the converted one. 
[0004] In the ink-end determinant, the numbers of ink 
drops ejected are converted into the consumed ink 
amount. Accordingly, the converted values of the con- 
sumed ink amount are varied among the different re- 
cording apparatus. Usually, it is unavoidable that the 
weight value of the ink drop is varied by ±10% among 
the different recording apparatus. Accordingly, if the var- 
iation is shifted to an ink empty state, the machine judg- 
es that the ink cartridge is in an ink-end state, though 
the use recognizes that ink is still left in the ink cartridge. 
Such a situation should be avoided. 
[0005] To avoid this, the weight of the ink drop is set 
based on a large weight of the ink drop within the vari- 
ation of the weight values. Where the weight is so set, 
if the variation of weight value of the ink drop is shifted 
to the minimum weight, the machine will judge that the 
ink cartridge is in an ink-end state in a state that ink hav- 
ing an amount of 20% of the total ink capacity is left in 
the cartridge. Accordingly, the running cost is increased 
for the user. Since a relative large amount of ink is left 
in the used ink cartridge, a problem of disposing the re- 
sidual ink in the ink cartridge additionally arises. 
[0006] In recent years, with diversification of printing, 
the pigment-dispersed type ink tends to be employed. 
In this kind of ink, pigment precipitates into the solvent, 
so that a concentration of the residual ink is high. In this 
respect, there is a technical requirement of issuing an 
Ink end sign immediately before the ink is used up in the 



ink cartridge. To meet such a requirement, the ink end 
must be judged highly accurately so as to leave a min- 
imum amount of ink in the ink cartridge. 

5 SUMMARY OF THE INVENTION 

[0007] It is therefore an object of the present invention 
is to provide an ink jet recording apparatus which can 
judge an ink-end state with high accuracy by correcting 

10 calculation of a consumed ink amount in accordance 
with the individual difference of the recording apparatus, 
and a correction method which can attain the above. 
[0008] In order to achieve the above object, according 
to the present invention, there is provided an ink jet re- 

15 cording apparatus, comprising: 

a recording head, from which ink drops are ejected; 
a cartridge holder, on which an ink cartridge for sup- 
plying ink to the recording head is detachably 

20 mounted; 

a calculator, which performs calculation of an ink 
amount consumed by the recording head; 
a first counter, which updates a residual ink amount 
in the mounted ink cartridge based on the con- 

25 sumed ink amount calculated by the calculator; 

a monitor, which monitors an ink amount contained 
in the mounted inkcartridge to judge at least an ink- 
end state in which the ink amount in the ink cartridge 
is a predetermined amount or less; and 

30 a corrector, which corrects the calculation in the cal- 
culator based on the residual ink amount indicated 
by the first counter, when the monitor judges that 
the mounted ink cartridge is in the ink-end state. 

35 [0009] Preferably the calculator multiplies a coeffi- 
cient by the number of ink drops ejected from the re- 
cording head at least when a printing operation is per- 
formed and when a flushing operation is performed. 
[0010] Here, it is preferable that the corrector corrects 

40 the coefficient. Further, it is preferable that the coeffi- 
cient is managed in accordance with a weight of each 
ink drop. 

[0011] Still further, it is preferable that the calculator 
performs the calculation every time when a cleaning op- 

45 eration of the recording head is performed. 

[0012] Preferably the ink jet recording apparatus fur- 
ther comprises a subtank, which stores ink replenished 
from the ink cartridge and supplies the ink to the record- 
ing head. Here, the monitor judges the ink-end state 

50 when a predetermined amount of ink is not replenished 
from the ink cartridge to the subtank, even though a pre- 
determined time period has elapsed since the ink re- 
plenishment is started. 

[0013] Here, the ink cartridge and the subtank are 
55 connected via a replenishing passage provided with a 
valve. The subtank includes a detector which detects an 
ink amount contained in the subtank. The valve is 
opened when the consumed ink amount calculated by 
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the calculator reaches a predetermined value. The valve 
is closed when the detector detects an ink-full state in 
which the ink replenished in the subtank reaches a pre- 
determined amount. 

[0014] Further, it is preferable that the detector in- 5 
eludes a float member which floats on the ink contained 
in the subtank. and a signal generator which generates 
an electric signal varied in accordance with a position of 
the float member in the subtank. 

[001 5] Here : it is preferable that the monitor includes 10 
a timer which starts clocking when the valve is opened. 
The monitor judges the ink-end state when the ink-full 
state is not detected by the detector even though the 
timer clocks a predetermined time period. 
[0016] Preferably, the ink-end state judged by the 15 
monitor is effected only when the updated residual ink 
amount of the first counter is a predetermined value or 
less. Here, the monitor refers to the residual ink amount 
indicated by the first counter when the apparatus is ac- 
tivated, when the ink cartridge is replaced, and when a 20 
printing operation is paused to feed a next recording 
sheet. Here, operations of the recording apparatus is 
stopped when the monitor judges the ink-end state. 
[001 7] Preferably, the ink jet recording apparatus fur- 
ther comprises an air compressor. Here, the ink car- 25 
tridge includes an £ir-iight casing, a flexible ink pack 
containing ink therein, which is accommodated within 
the casing. Air compressed by the air compressor is ap- 
plied to a space defined between the casing and the ink 
pack so that the ink pack is contracted in accordance 30 
with the ink replenishment to the subtank. 
[0018] Here, it is preferable that the monitor includes 
a plate member provided on the ink pack and a switch 
member which is operated by the plate member in ac- 
cordance with the contraction of the ink pack. 35 
[001 9] Alternatively, it is preferable that the monitor in- 
cludes a transparent part formed on at least a lower por- 
tion of the ink cartridge, at least one pair of a light source 
and a photo sensor, which are opposed to each other 
through the transparent part. Here, the monitor judges *o 
the ink-end state when an ink level in the ink cartridge 
lowers an optical path ranging from the light source to 
the photo sensor. 

[0020] Alternatively, it is preferable that the monitor in- 
cludes a prism member formed on at least a lower part -*s 
of the ink cartridge. The monitor judges the ink-end state 
based on a difference between a first critical angle of 
total reflection defined by refractive indices of the ink in 
the ink cartridge and a material of the prism member, 
and a second critical angle of total reflection defined by so 
refractive indices of the material of the prism member 
and atmosphere. Here, the monitor includes at least one 
pair of a light source which emits a light beam toward 
the prism member and a photo sensor which detects the 
light beam reflected by the prism member. The monitor 55 
judges the ink-end state when the photo sensor detects 
the light beam reflected by the prism member. 
[0021 ] Alternatively, it is preferable that the monitor in- 



cludes at least one pair of electrode terminals provided 
in at least a lower portion of the ink cartridge while ex- 
tending inside of the ink cartridge and a detection circuit 
which detects a resistance between the electrode ter- 
minals. Here, the monitor judges the ink-end state when 
the detection circuit detects a drop of the resistance. 
[0022] Preferably, the ink jet recording apparatus fur- 
ther comprises: 

a subtank, which stores ink replenished from the ink 
cartridge and supplies the ink to the recording head; 
a detector, which detects an ink amount contained 
in the subtank; 

a second counter, which updates an ink amount 
consumed by the recording head based on the con- 
sumed ink amount calculated by the calculator, 

wherein the corrector corrects the calculation in 
the calculator based on the consumed ink amount indi- 
cated by the second counter, when the detector detects 
that the ink amount in the subtank is a predetermined 
amount or less. 

[0023] According to the present invention, there is al- 
so provided a method of correcting calculation for an ink 
amount consumed in a recording head incorporated in 
an ink jet recording apparatus, the step comprising the 
steps of: 

providing an ink tank which supplies ink to the re- 
cording head; 

providing a counter which indicates a residual ink 
amount in the ink tank; 

calculating an ink amount consumed by the record- 
ing head; 

updating the residual ink amount indicated by the 
counter, based on the calculated consumed ink 
amount; 

monitoring a residual ink amount in the ink tank in- 
dependently from the counter; and 
correcting the way of calculation, based on the up- 
dated residual ink amount of the counter, when the 
monitored residual ink amount is predetermined 
amount or less. 

[0024] Here, it is preferable that the calculation is per- 
formed by multiplying a coefficient by the number of ink 
drops ejected from the recording head at least when a 
printing operation is performed and when a flushing op- 
eration is performed. The coefficient is corrected in the 
correcting step. 

[0025] According to the above configurations, when 
the monitor judges that the ink cartridge is in the ink-end 
state, a count value of the first counter is referred to. 
The way of calculation in the calculator is corrected ac- 
cording to the referred count value of the first counter. 
[0026] When the referred count value of the first coun- 
ter indicates that the residual ink amount is larger than 
a predetermined amount, the coefficient to be multiplied 
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by the number of ink drops ejected from the recording 
head is corrected to be large, viz., the weight of the ink 
drop is corrected to be large. As a result, a counting rate 
of the calculating value in the consumed ink amount cal- 
culator is increased. 

[0027] When the referred count value of the first coun- 
ter indicates that the residual ink amount is smaller than 
the predetermined value, the correction process is per- 
formed in the contrary manner to that in the above case. 
As a result, a counting rate of the calculating value in 
the consumed ink amount, calculator is decreased. 
[0028] If the coefficient correcting process is repeat- 
edly executed for several times of the replacement of 
the ink cartridge, the judging accuracy may be im- 
proved. With this, variations of the judging results of the 
different recording apparatus are made small. 
[0029] According to the present invention, there is al- 
so provided an inkjet recording apparatus, comprising: 



amount or less. 

[0031 ] Also in these configurations, the similar advan- 
tages as explained the above can be attained. In addi- 
s tion, since the corrector corrects the way of calculation 
in the calculator based on the count value of the counter 
when the detector detects that the amount of ink in the 
subtank is a predetermined amount or less, the calcu- 
lation may effectively be corrected even when the ink 
io cartridge is being used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] The above objects and advantages of the 
15 present invention will become more apparent by de- 
scribing in detail preferred exemplary embodiments 
thereof with reference to the accompanying drawings, 
wherein: 

Fig. 1 is a plan view showing an overall arrange- 
ment of an ink jet recording apparatus incorporating 
the present invention; 

Fig. 2 is a schematic illustration showing an ink sup- 
plying system ranging from a main tank to a record- 
ing head; 

Fig. 3 is a perspective view, partly broken, showing 
a subtank; 

Fig. 4 is a perspective view, partly broken, showing 
the subtank; 

Fig. 5 is a cross sectional view showing a structure 
including the opposed portions of an ink cartridge 
and a connector disposed within the cartridge hold- 
er; 

Fig. 6 is a block diagram showing an electrical con- 
figuration of the ink jet recording apparatus shown 
in Fig. 1 , which includes an ink state monitor accord- 
ing to a first embodiment of the invention; 
Fig. 7 is a flow chart showing a control routine exe- 
cuted by the configuration shown in Fig. 6; 
Fig. 8 is a cross sectional view showing an ink state 
monitor according to a second embodiment of the 
invention; 

Figs. 9A and 98 are cross sectional views showing 
an ink state monitor according to a third embodi- 
ment of the invention; 

Figs. 1 0A and 1 0B are cross sectional views show- 
ing an ink state moniLor according to a fourth em- 
bodiment of the invention; 

Fig. 1 1 is a cross sectional view showing an ink state 
monitor according to a fifth embodiment of the in- 
vention; 

Fig. 12 is a cross sectional view showing an ink 
state monitor according to a seventh embodiment 
of the invention; 

Fig. 13 is a cross sectional view showing an ink 
state monitor according to an eighth embodiment of 
the invention; and 

Fig. 14 is a cross sectional view showing an ink 



a recording head, from which ink drops are ejected; 20 
a cartridge holder, on which an ink cartridge for sup- 
plying ink to the recording head is detachably 
mounted; 

a subtank, which stores ink replenished from the ink 
cartridge and supplies the ink to the recording head; 25 
a detector, which detects an ink amount contained 
in the subtank; 

a calculator, which performs calculation of an ink 
amount consumed by the recording head; 
a counter, which updates a consumed ink amount 30 
based on the consumed ink amount calculated by 
the calculator; and 

a corrector which corrects the calculation in the cal- 
culator based on the consumed ink amount indicat- 
ed by the counter, when the detector detects that 35 
the ink amount in the subtank is a predetermined 
amount or less. 

[0030] According to the present invention, there is al- 
so provided a method of correcting calculation for an ink -to 
amount consumed in a recording head incorporated in 
an ink jet recording apparatus, the step comprising the 
steps of: 

providing an ink tank which supplies ink to the re- 45 
cording head; 

providing a counter which indicates an ink amount 
consumed by the recording head; 
calculating an ink amount consumed by the record- 
ing head; so 
updating the consumed ink amount indicated by the 
counter, based on the calculated consumed ink 
amount; 

monitoring a residual ink amount in the ink tank in- 
dependently from the counter; and 55 
correcting the way of calculation, based on the up- 
dated consumed ink amount of the counter, when 
the monitored residual ink amount is predetermined 
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state monitor according i:» ^ ."-r^riimoni of 

the invention 

DETAILED DESCRIPTION QF T»«> > ; <f > t RRED 
EMBODIMENTS 

[0033] Preferred embodmcnts of tnc p esent inven- 
tion will be described below in octr-.ii witn rc'crcnce to 
the accompanying drawings r 
[0034] In Fig. 1 . a carnage • is reopodtivcly moved 
in the longitudinal direction of a sheet feeding member 
5 ; or in the main scan direction as tre width direction of 
a recording sheet, while being gjidod oy a scan guide 
member 4 with the aid of a limine, belt 3 driven by a car- 
riage motor 2. An ink jet recorcinc, ncac 6 to be de- 
scribed later (not shown in Fig 1) is mounted on a face 
of the carriage 1 , which is opposed to the sheet feeding 
member 5. 

[0035] Subtanks 7a to 7d for supplying inks lo the re- 
cording head 6 are mounted on the carrnge 1. In the 
embodiment, the number of subtanks 7a to 7d is four 
corresponding to inks (e.g., black ink and color inks of 
yellow, cyan and magenta), and those tanks temporarily 
store those inks. 

[0036] The black ink and the color inks respectively, 
are supplied from ink cartridges 9a to 9d (referred to as 
main tanks) to the subtanks 7a to 7d through flexible 
ink supply tubes 10 forming ink replenishing passages. 
Those main tanks 9a to 9d are loaded into a cartridge 
holder 8. which is disposed in a main be Jy of the record- 
ing apparatus. 

[0037] A capping device 11 for seanngly capping a 
nozzle forming surface of the recor Jing head is located 
at a non-printing area (referred to as a home position) 
on a moving path of the carriage 1 . A cap member 1 1 a 
made of such an elastic material as rubber which is able 
to seal the nozzle forming surface of the recording head 
6 when it comes in close contact with the nozzle forming 
surface, is provided on the top surface of the capping 
device 11. When the carriage 1 is moved to the home 
position, the capping device 11 moves to the recording 
head and the nozzle forming surface of the recording 
head is sealed with the cap member 1ia 
[0038] The cap member 1la serves as a hd which 
seals the nozzle forming surface of the recording head 
and prevents the nozzle orifices from oryng during the 
rest time of the recording apparatus... The cap member 
1 1a is connected to one end of a tube of a suction pump 
(tube pump) to be described later, and a'so serves to 
perform such a cleaning operation as to apply a negative 
pressure caused by the suction pump to the recording 
head 6, and to suck ink from the recording head 6 and 
discharge it outside. 

[0039] A wiper 12, which is shaped like a strip and 
made of an elastic material such as rubber, is located 
adjacent to the printing-area side of the capping device 
1 1 . The wiper 1 2, as the need arises, wipes out the no7- 
zle forming surface of the recording head for cleaning. 



[0040] The ink supplying system will be described 
with reference to Figs. 1 and 2. In those figures, the 
same and equivalent parts and portions are designated 
by the same reference numerals. Air compressed by a 

5 compressor pump 21 is supplied to a pressure control 
valve 22, and then supplied to the main tanks 9a to 9d 
through a pressure sensor 23 (the main tanks are col- 
lectively designated by reference numeral 9 in Fig. 2, 
and those tanks will frequently be designated by numer- 

10 a!9),. 

[0041] In the arrangement, air flow passages are di- 
verged from the pressure sensor 23 to the main tanks 
9, and the compressed air is applied to the main tanks 
being loaded into the cartridge holder 8. The pressure 

is control, valve 22 serves to keep the value of the air pres- 
sure applied to the main tanks 9a to 9d within a prede- 
termined range of pressure values by releasing the 
pressure when the air pressure increased by the com- 
pressor pump 21 is excessively high by some trouble. 

20 [0042] Further, the pressure sensor 23 serves so that 
it detects the air pressure increased by the compressor 
pump 21, and controls the driving of the compressor 
pump 21 . When the pressure sensor detects that a value 
of the air pressure increased by the compressor pump 

25 21 reaches a predetermined pressure value, the pres- 
sure sensor stops the operation of the compressor 
pump 21 upon the detection result. When the pressure 
sensor detects that a value of the air pressure is below 
the predetermined value, the pressure sensor controls 

30 the compressor pump 21 so that it is driven. Repeating 
the above sequence of operations, the air pressure ap- 
plied to the main tanks 9a to 9d is kept within a prede- 
termined range of pressure values. 
[0043] One of the main tanks 9 is roughly illustrated 

35 in Fig. 2. A case forming the main tank 9 is hermetically 
sealed. An ink pack 24 being made of flexible material 
and filled with ink is located within the case. A space 
defined by the main tank 9 and the ink pack 24 contained 
therein form a pressure chamber 25. The air pressure 

-to is supplied into the pressure chamber 25, through the 
pressure sensor 23. 

[0044] With such a construction, the inkpacks24con- 
tained in the main tanks 9a to 9d is pressurized by the 
compressed air, so that ink flows from the main tanks 
is ga to 9d to the subtanks 7a to 7d, under the pressure of 
the compressed air. 

[0045] Also as shown in Fig. 2, a memory device 27 
for storing information about the main tank 9 is mounted 
on a part of the case of each main tank 9 as the main 

50 tank. Information about the residual amount of the ink 
in the main tank associated therewith is stored in the 
memory device 27, as will be described later. As shown 
in Fig, 2, a terminal 28 for communicating information 
with the memory device 27 is provided on a part of each 

55 main tank 9. When the main tank 9 is loaded to the re- 
cording apparatus, the terminal 28 is electrically con- 
nected to the recording apparatus, so that communica- 
tion of information on a residual ink amount in the main 



BNSDOCID: <EP 1223037A1 J_> 



5 



9 



EP 1 223 037 A1 



10 



tank is performed therebetween. 
[0046] Ink pressurized in the main tank (9a to 9d) is 
supplied is supplied to the subtank (7a to 7d) mounted 
on the carriage 1 , via the ink replenishing valve 26 and 
the ink supply tube 10, both being associated therewith 
(generally designated by reference numeral 7 in Fig. 2, 
and those tanks will frequently be designated by numer- 
al 7). 

[0047] A basic construction of the subtank 7 shown in 
Fig. 7 is such that a float member 31 is disposed within 
the subtank 7, and a permanent magnet 32 is attached 
to a part of the float member. The details of the subtank 
7 will be described later. Magnetoelectric transducers 
33a and 33b ( such as hall elements, are mounted on a 
board 34, and the assembly is attached to the side wall 
of the subtank 7. 

[0048] With such a construction, an electric output 
signals are generated by the hall elements 33a and 33b 
in accordance with magnetic flux density of the perma- 
nent magnet 32, which depend on a floating position of 
the float member. They constitute an ink amount detec- 
tor together with the float member 31 . 
[0049] In the embodiment, the ink amount detector is 
used for detecting that ink is supplied from each main 
tank 9 to the subtank 7, and an amount of ink within the 
subtank has reached a predetermined amount of ink 
(ink-full state). In this connection, the ink replenishing 
valve 26 is opened and closed by electrical signals out- 
put from the hall elements 33a and 33b. 
[0050] When the electrical signals output from the hall 
elements 33a and 33b shows that the ink amount in the 
subtank is below a predetermined amount of ink (ink- 
low state), the ink replenishing valve 26 is opened. The 
embodiment includes a consumed ink amount calcula- 
tor which calculates an ink amount consumed in the sub- 
tank, as will be described later. When the hall elements 
detect the ink-low state, and the calculator judges that 
the consumption of the ink in the subtank has pro- 
gressed, the ink replenishing valve 26 is opened. Ac- 
cordingly, the ink pressurized within the main tank 9 is 
supplied individually into the subtank ortanks 7 in which 
the ink consumption has progressed. 
[0051] The sequence of operations as mentioned 
above is repeated, and the ink is intermittently supplied 
from the main tank to the subtank. As a result, each sub- 
tank always stores the ink within a predetermined range 
of ink amount values. 

[0052] As shown in Fig. 2, ink is supplied from each 
subtank 7 to the recording head 6, via a valve 35 and a 
tube 36 connected to the valve. Ink drops are ejected 
from nozzle orifices 6a, which are formed in the nozzle 
forming surface of the recording head 6, in accordance 
with print data supplied to an actuator (not shown) of the 
recording head 6. A tube connected to the capping de- 
vice 11 is connected to a suction pump (tube pump) to 
be described later. 

[0053] Figs. 3 to 5 show one preferred embodiment 
of the subtank while omitting a part thereof. Equivalent 



portions as already explained are designated by the 
same reference numerals. 

[0054] The subtank 7 takes the form of a rectangular 
parallelepiped and is flat as a whole. The outer covering 
5 of each subtank 7 is a box-like member 41 taking an 
integral form of one side wall 41a and a periphery wall 

41 b continuous to the one side wall. A film-like member 

42 (see Fig. 4) made of transparent resin or the like is 
thermally welded onto the peripheral edge of the open- 

10 jng of the box-like member 41 . An ink reservoir 43 is 
defined by the box-like member 41 and the film-like 
member 42. 

[0055] A support shaft 44, which is protruded from the 
one side wall 41a forming the box-like member 41 to- 
15 ward the ink reservoir 43, is integral with the box-like 
member 41 . The float member 31 is vertically pivotable 
about the support shaft 44 within the ink reservoir 43. In 
the embodiment, the support shaft 44 is located near 
the end of the ink reservoir43 as viewed in the horizontal 
direction. The float member 31 is formed integral with 
the free end of a support arm 45, which is pivoted about 
the support shaft 44. 

[0056] As shown in Fig. 4, the permanent magnet 32 
is mounted on the free end of the support arm 45. The 
permanent magnet 32 is arranged such that when the 
support arm 45 is put in a horizontal state, it is positioned 
near the other end in the ink reservoir 43 as horizontally 
viewed, viz., it is closest to the hall elements 33a and 
33b mounted on the board 34 attached to the side wall 
of the subtanks 7. 

[0057] An ink supply port 46 is formed in a bottom part 
of the subtank 7 as viewed in the vertical direction, viz., 
a bottom part of the periphery wall 41 b in the embodi- 
ment. Ink is supplied from the main tank 9 to the ink res- 
ervoir 43, via the ink supply tube 10 connected to the 
ink supply port 46. 

[0058] The ink supply port 46 of the subtank 7 Is 
formed in a bottom part thereof as viewed in the vertical 
direction, as described above. Ink supplied from the 
main tank is fed into the subtank 7, through the bottom 
part of the ink reservoir 43. Thus, the structure is de- 
signed so that ink bubbles are not generated within the 
ink reservoir 43 at the time of ink supplying. 
[0059] Within the subtank 7, a plurality of rib members 
47 are disposed in a portion except the moving area 
within which the float member 31 and the support arm 
45 move, in order to lessen a chance that Ihe movement 
of the carriage ruffles the ink within the subtank. In the 
embodiment, those rib members 47 are integral with the 
one side wall 41 a of the box-like member41 forming the 
subtank 7, and extend from the one side wall 41 a toward 
the ink reservoir 43. 

[0060] The presence of the rib members 47 reduces 
a frequency that the ruffling of the ink within the subtank 
occurs. The result is that an accuracy of detecting a re- 
sidual ink amount in the main tank 9 by the hall elements 
33a and 33b is improved. 

[0061] In the subtank 7, an ink deriving port 48 is 
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formed at a position near the ink supply port 46. as 
shown in Fig. 4. A filter member 49, which is shape like 
a pentagon (like a home base) and for trapping foreign 
materials, is disposed covering the ink deriving port 48. 
Accordingly, the ink stored in the subtank 7 is led to the 
ink deriving port 48, via the filter member 49. 
[0062] The ink led out through the ink deriving port 48 
flows to the valve 35 located in the lower part of the sub- 
tank 7, by way of the back side of the side wall 41 a. The 
ink having passed through the valve 35 is likewise led 
to a connecting port 53 of the tube 36 connected to the 
recording head 6 by way of the back side the side wall 
41a. 

[0063] A passage 61 is slantly formed in the upper half 
of the subtank 7 communicatively connected to the ink 
reservoir 43, as shown in Figs. 3 and 4. An air vent 62 
passing through the back side of the side wall 41a is 
formed at the upper end of the passage 61 , i.e., at an 
almost top position of the subtank 7. The air vent 62 al- 
lows, on its back side, the air to pass therethrough, and 
the back side thereof is closed by a water-repellent film 
for stopping the flowing of ink therethrough. 
[0064] A recess 41 c for positioning the hall elements 
33a and 33b is formed in the side wall of the subtank 7 
as shown in Fig. 4. With formation of the positioning re- 
cess 41c, the side wall of the subtank 7 is thinned. Fur- 
ther, a distance between the hall elements 33a and 33b 
and a moving locus of the permanent magnet 32 mount- 
ed on the float member 31 is more reduced. With this 
feature, a sensitivity of the hall elements 3da and 33b 
when those sense the magnetic flux developed by the 
permanent magnet 32. is increased. Further, an accu- 
racy in the ink amount detecting operation, vhich is 
based on the movement of the float member 31 in the 
vertical direction in accordance with an amount of ink in 
the subtank 7. 

[0065] A through hole 67is formed in a part of the sub- 
tank 7. Accordingly the subtanks are arranged side by 
side by utilizing a single support shaft (not shown) pass- 
ing through those through holes of the subtanks, where- 
by a subtank unit is formed. 

[0066] Fig. 5 is a cross sectional view showing a struc- 
ture including the opposed portions of the main tank 9 
as the main tank and a connector 55 disposed within the 
cartridge holder 8. The main tank 9 as the main tank 
includes a couple of openings 51 as a positioning mem- 
ber used when it is attached to the recording apparatus. 
An ink outlet 50 led from the ink packs 24 is mounted 
on a mid position between the coupled of openings 51 . 
An inlet 52 for the compressed air and a circuit board 
53 containing the memory device 27 which communi- 
cates information on the main tank associated therewith 
are provided outside the openings 51 located at two po- 
sitions. 

[0067] A couple of positioning pins 56 each shaped 
like a column are provided on the connector 55 of the 
cartridge holder 8 side. A couple of positioning openings 
51 formed in the main tanks 9 side are applied to the 



positioning pins 56, respectively. 
[0068] Thus, the positioning openings 51 are located 
at two positions of the main tanks 9 side. Accordingly, 
the main tank 9 as the main tank may be positioned 
5 three dimensionally by applying them to the base ends 
of the two positioning pins 56 of the recording apparatus 
side. The main tanks 9 is applied to the positioning pins 
56. As a result, a hollowed, ink introducing tube 57, 
which is located at the mid position between the couple 
io of positioning pins 56, is inserted into the ink outlet 50 
extended from the ink pack 24, and a state that ink may 
be led out of the main tank, is set up. 
[0069] As the result of the attaching of the main tanks 
9, the inlet 52 is connected to an air outlet 58 of the car- 
's tridge holder 8 side. And a state that the compressed 
air may be introduced into the main tanks 9 is set up. 
Further, a terminal unit 59 with a plurality of contact piec- 
es is coupled to the circuit board. 53 of the main tank 9 
side. This connection allows data communication with 
20 the memory device 27 on the circuit 53. 

[0070] Fig. 6 is a block diagram showing an electrical 
configuration of the recording apparatus. Here, like or 
equivalent portions already explained are designated by 
the same reference numerals, for simplicity of explana- 
25 tion, and hence no further description of them will be 
given. As shown in this figure, the suction pump 15 is 
connected to the capping device 11 of which the dis- 
charging side is connected to the waste ink tank 16. 
[0071] A print controller 70 generates bit-map data 
30 based on print data received from a host computer. The 
print controller 70 causes a head driver 71 to generate 
a head drive signal according to the bit-map data, and 
causes the recording head 6 mounted on the carriage 
1 to eject ink. The head driver 71 receives a flushing 
35 command signal from a flushing controller 72, and out- 
puts a drive signal for the flushing operation to the re- 
cording head 6, in addition to the drive signal based on 
the print data. 

[0072] A cleaning controller 73 receives a control sig- 

•*o nal from a cleaning command detector 74, and controls 
a pump driver 75 to drive the suction pump 15. By op- 
erating a cleaning switch 76 provided on an operation 
panel of the recording apparatus, the cleaning com- 
mand detector 74 operates, so that a manual cleaning 

45 operation is performed. 

[0073] The cleaning controller 73 also receives a con- 
trol signal from the print controller 70. Upon receipt of 
the control signal, the cleaning controller 73 controls the 
pump driver 75 and drives the suction pump 15, where- 

50 by a cleaning operation is performed. 

[0074] Control signals are supplied to a consumed ink 
amount calculator 77, from the print controller 70, flush- 
ing controller 72 and cleaning controller 73. The con- 
sumed ink amount calculator 77 calculates an ink 

55 amount consumed in the subtank 7. Such data as the 
number of ink drops that are ejected from the recording 
head 6 in accordance with print data under control of the 
print controller 70, the number of ink drops ejected from 



BNSDOCIO: <EP 1223037A1 J_> 



7 



13 EP1223 

the recording hoarl 6 bason nr..,* : ■• - ; ' po-alinn onr- 
formed by Ihe flushing coniro ic* a"- : : r, c number of 
ink drops ejected from tie 'cco ? * : • t i 6 based on a 
cleaning operation perlorrred L N y t'u . -i-.minq controller 
73 are respectively sjpphcJ \z consumed ink 5 
amount calculator 77. 

[0075] The consumed ink nmcun" calculator 77 hav- 
ing which received those items o* omUi ncccsscs a co- 
efficient provider 78 in accordance win tnc number of 
ink drops ejected from the recording head 6 based on a 10 
printing operation and the number of ink drops ejected 
from the recording head based on a flushing operation, 
and calculates an ink amount consumed in the subtank 
7 by multiplying those numbers of ink drops by coeffi- 
cients. The coefficients in the cocttiocni provider 78 are *5 
managed in connection with a wcigm ct tre ink drop. A 
consumed ink amount is calculated by multiplying the 
numbers of ink drops based on the prin'.mg ard flushing 
operations by the weight. 

[0076] When the cleaning opuintun executed, an 20 
amount of discharging ink is controlled in accordance 
with levels of ranked cleaning operations A consumed 
ink amount is calculated in accoroancc with the cleaning 
operation level every time the cleaning operation is per- 
formed. 25 
[0077] The thus calculated consumed ink amount in 
the subtank 7 is transferred to a consumed ink amount 
counter 79 where it is counted up (added) When the 
count-up value reaches a predetermined value, a con- 
siderable amount of ink has been consumed in the sub- 30 
tank 7. Under the condition that an electric output from 
the hall element 33a and 33b indicates an :nk-low state, 
the ink replenishing valve 26 is opened and ink is sup- 
plied from the main tank 9 to the suotank 7. 
[0078] When the electric output signals from the hall 35 
elements shows that as the result of the ink supplying, 
the amount of ink in the subtank 7 reaches a predeter- 
mined value (ink-full state) by the ink supolying opera- 
tion, the ink replenishing valve 26 is closed as stated 
above, and at the same time, the count value of the con- -*o 
sumed ink amount counter 79 is reset. 
[0079] The data indicative of the consumed ink 
amount in the subtank is transferred from the consumed 
ink amount counter 79 to a residual ink amount counter 
80. On the other hand, data indicative of a residual ink -*s 
amount in the main tank 9 which is stored in the memory 
device 27 mounted on the subject mam lank 9 is previ- 
ously set in the residual ink amount counter 80 via a 
reader/writer 81 . 

[0080] The count-up value of the consumed Ink so 
amount counter 79 before it is reset is transferred to the 
residual ink amount counter 80 where the count value 
of the consumed ink amount counter 79 is subtracted 
from the count value showing a residual amount of ink 
in the main tank 9. As a result, the count value of the ss 
residual ink amount counter 80 is subtracted as the ink 
is consumed, and the numerical data is written into the 
memory device 27 by the reader/writer 81 . 
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[0081] A control signal for opening the ink replenish- 
ing valves 26 output from the consumed ink amount 
counter 79 is applied to a timer 82. The timer 82 starts 
its clocking operation simultaneously with the opening 
of the ink replenishing valve 26. The timer receives the 
output signals from the hall elements 33a and 33b, 
which are output when the subtank 7 is put in the ink- 
full state. 

[0082] When upon receipt of the control signal for 
opening the ink replenishing valve 26, the timer 82 starts 
its clocking operation, and when the output signals of 
the hall elements 33a and 33b, which are generated 
when the subtank 7 is in the full ink state, do not arrive 
even after a predetermined time period elapses, it may 
be estimated that the main tank 9 is in an ink-end state 
or that the application of the compressed airto the main 
tank 9 is insufficient. 

[0083] In the recording apparatus of the embodiment, 
as staled above, the compressed air is supplied to the 
pressure chamber 25 of the main tank 9, and the com- 
pressed air causes the ink to be supplied from the main 
tank 9 to the subtank 7. Accordingly, a time period 
elapsed from the start of supplying ink to the subtank 7 
till it is put in the ink full state is known at the stage of 
design. For this reason, if the ink supplying to the sub- 
tank 7 is insufficient even after a time period having 
elapsed greatly exceeds that time, it is estimated that 
the main tank 9 is in an ink-end state or that the appli- 
cation of the compressed air to the main tank 9 is insuf- 
ficient. 

[0084] In this case, the supplying operation to the sub- 
tank is stopped, and the printing operation of the record- 
ing apparatus is stopped. This feature solves the prob- 
lem that the subtank 7 becomes empty, and effectively 
prevents air bubbles from entering the ink supplying 
passage of the recording head 6. In this case, an ink 
state in the subtank 7 is judged by use of a judging rou- 
tine to be described later, and a message about the 
judged ink state is displayed by a display 83. 
[0085] When the judging routine to be described later 
judges that the main tank 9 is in the ink-end state, the 
count value of the residual ink amount counter 80 is 
transferred to a coefficient corrector 84. The coefficient 
corrector 84 corrects the coefficient, which is set in the 
coefficient provider 78, in accordance with the count val- 
ue of the residual ink amount counter 80 which is pre- 
sented when the main tank is put in the ink-end slate. 
The coefficient correction by the coefficient corrector 84 
will be described with reference to a flow chart shown 
in Fig. 7. 

[0086] A flow chart shown in Fig. 7 contains at least 
the controls of an operation to supply ink to the subtank 
7, determination as to whether or not the main tank 9 is 
in the ink-end state or whether or not some trouble oc- 
curs in the compressed air supplying passage, and the 
execution of correcting the coefficients by the coefficient 
corrector 84 when the main tank 9 is in the ink-end state. 
Control routines shown in the flow chart are periodically 
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executed during the printing operation of the recording 
apparatus. 

[0087J During the printing operation of the recording 
apparatus, the step S11 is first executed to add an 
amount of ink used for the printing to the count of the 
consumed ink amount counter 79. Specifically, the proc- 
ess of this step is executed such that a consumed ink 
amount in the subtank 7 calculated by the consumed ink 
amount calculator 77 shown in Fig. 6 is transferred to 
the consumed ink amount counter 79, thereby perform- 
ing the addition of the consumed ink amount. The step 
S1 2 is then executed to verify whether or not a count of 
the consumed ink amount counter is equal to or larger 
than a predetermined value (A). 

[0088] This step is for vcify.ng whether or not a count 
value of the consumed ink amount counter 79 shown in 
Fig. 6 is in excess of me predetermined value (A). If the 
count value docs net cucccd the predetermined value 
(A) (No at step Si 2; the subtank has a sufficient free 
capacity. Accoidngi, t M no count value exceeds the 
predeterminec v^iuc (A> control returns to the start of 
the program, and repents the routines of the steps S1 1 
and S12. 

[0089] When the \.i»lc of in c corsumcd ink amount 
counter 79 excoodc the predetermined value (A) in the 
step S1 2. control navnnres to tn C step S1 3. In this step, 
the operation of tuppytrv) ic the subtank 7 starts. 
This is effected r>y r.r>»n.rvj tv .n* replenishing valve 
26. In this case tr-o Me f SVi ,s merutod under the con- 
dition that the output srj~„ :; . D « tnc h„n elements 33a 
and 33b show tn„! c .no *~>our : o* the subtank 7 is in 
an ink-low state 

[0090] Subsequent^ t*>< s!oc s i is executed to ver- 
ify as to whether of r 0 r the c£>:r„ !:0 n 0 f supplying ink to 
the subtank 7 is com P , c : e j ; c :*o venf .cat.on. as stated 
above, the output s^n*-^ c » t*e -w elements 33a and 
33b are utilized in co»-cu"cnce wt h the execution of 
the step S1 4. the sico S1 6 vc.i.os «vhcihc or not a pre- 
determined time per oo eposes from tro start of supply- 
ing of ink to the subMn* 7 Th C vc-tfcnt.on is performed 
by using the timer 82 shown »nF,- 6 If the supplying of 
ink to the subtank 7 is coracles before the predeter- 
mined time period elapses t y-si me ink supplying op- 
eration is stopped m the step bi b I his is done by clos- 
ing the ink replenish ng va ve 26 ns stated aoove. 
[0091] In the step S16 the consumed ink amount 
counter 79 is reset and in the suubcjueni step S1 7. the 
predeterminec value (A) is subtracted from the count of 
the residual ink amount ccuntcr 80 Dy the subtracting 
operation, an ink amount o' one ink supplying operation 
to the subtank 7 is subtractcc from the count of the re- 
sidual ink amount counter 80. and the result of subtrac- 
tion (i.e.. the updated residual amount of ink in the main 
tank 9) is set in the residual ink amount counter 80. 
[0092] When the supplying of «nk to the subtank 7 is 
not completed (the answer remains No) in Ihe step S1 4, 
and the predelermined lime has elapsed in the step S1 8, 
it is estimated that the main tank 9 is empty or some 



trouble occurs in the system for supplying the com- 
pressed air to the main tank 9. Accordingly, the step S19 
is executed to stop the operation of supplying ink to the 
subtank 7. 

5 [0093] Subsequently the step S20 is executed to 
judge as to whether or not the count value of the residual 
ink amount counter 80 is below a predetermined value. 
If the count value of the residual ink amount counter 80 
does not reach the predetermined value (the answer is 
*o No), it may be estimated that some trouble occurs in the 
ink replenishing passage, the compressed air supplying 
passage, or the like. In this case, the display 83 indicates 
an error message. 

[0094] When the count value of the residual Ink 
'5 amount counter 80 has reached the predetermined val- 
ue (Yes) in the step S20, it may be judged that the main 
tank is sure to be in an ink-end state (empty). In this 
case, the display 83 displays an ink-end message. In 
other words, with provision of the judging process of the 
20 step S20, the ink-end state of the main tank 9 can be 
recognized correctly. 

[0095] If the step S20 judges that the main tank 9 is 
in the ink-end state, control advances to the step S21 . 
In the stop, the coefficient of the coefficient provider 78 
25 is corrected by the coefficient corrector 84, and the print- 
ing operation of the recording apparatus is stopped. 
[0096] In executing the coefficient correction process 
by the coefficient corrector 84, a count value of the re- 
sidual ink amount counter 80 is referred to. When the 
30 count value of the residual ink amount counter 80 indi- 
cates that the residual ink amount is larger than a pre- 
determined value corresponding to the ink-end state, 
the coefficient to be multiplied by the number of ink 
drops ejected from the recording head is corrected to 
35 be large, viz., the weight of the ink drop is corrected to 
be large. As a result, a counting rate of the calculating 
value in the consumed ink amount calculator 77 is in- 
creased. 

[0097] When the main tank is in an ink-end state and 
-to the count value of the residual ink amount counter 80 
indicates that the residual ink amount is smaller than the 
predetermined value, the correction process is per- 
formed in the contrary manner to that in the above case. 
As a result, a counting rate of the calculating value in 
J* the consumed ink amount calculator is decreased. Ac- 
cordingly, by executing such a correction process, a 
counting accuracy of a residual ink amount in the resid- 
ual ink amount counter 80 is improved. 
[0098] In a first embodiment of the invention as de- 
50 scribed above, in the steps S1 3 to S20 shown in Fig. 7, 
when the supplying of ink to the subtank 7 is not com- 
pleted even after a predetermined time period elapses, 
and the count value of the residual ink amount counter 
80 is below a predetermined value, it is judged that the 
55 main tank 9 is in the ink-end state. Another configura- 
tions may be adopted to grasp the ink-end state in the 
main tank 9 as will be discussed below. 
[0099] Fig. 8 shows amain tank according to a second 
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embodiment of the invention. Here, a detection switch 
29 is located within the main tank 9 as the ink-state mon- 
itor. Similar to the first embodiment, compressed air is 
Introduced into the main tank 9, and the compressed air 
pushes the ink out of the ink pack 24, although a me- 
chanical arrangement concerning this is not illustrated 
in this figure. 

[0100] The detection switch 29 detects that the ink 
amount stored in the main tank 9 is below a predeter- 
mined value. One face of the ink pack 24 is bonded to 
the inner face of the case forming the main tank 9 by a 
double-coated sheet 24a or the like. An operating plate 
24b is likewise bonded to the other face of the ink pack 
24. 

[01 01 ] With this arrangement, when the ink contained 
in the ink pack 24 reduces in amount (near the ink-end 
state), a part of the operating plate 24b acts to turn, for 
example, on the detection switch 29 with the shrinking 
of the ink packs 24. Accordingly, the decision step S29 
shown in Fig. 7 may be executed by verifying a state of 
the detection switch 29. 

[0102] When the detection switch 29 is turned on, 
judgment of the ink-end state may be made, and the 
process of the step S21 shown in Fig. 7 is executed. 
When the detection switch 29 is tuned off, it may be con- 
sidered that some trouble occurs in the ink replenishing 
passage, the compressed air supplying passage, or the 
like. In this case, the display 83 indicates an error mes- 
sage. 

1.103] In the embodiments mentioned above, the 
compressed air is introduced into the pressure chamber 
25 of the main tank 9 and ink is supplied to the subtank 
7. It is evident that the present invention is applied to 
other recording apparatus than the above-mentioned 
one. In the recording apparatus in which ink is supplied 
to the subtank 7 by generating a negative pressure in 
the subtank 7, or the recording apparatus in which a wa- 
ter head difference is created between the main tank 9 
and the subtank 7 to cause an ink flow therebetween, a 
physical detector as shown in Figs. 9 through 11 may 
be used for the ink state monitor. 
[0104] Figs. 9A and 9B show an ink-state monitor ac- 
cording to a third embodiment of the invention. In this 
embodiment, a case forming the main tank 9 storing ink 
therein is made of transparent resin. A light source 86 
and a photo sensor 87 are disposed on both side of a 
lower part of the case. When a great amount of ink is 
contained in the main tanks 9 as shown in Fig. 9A, a 
light emitted from the light source 86 is intercepted, so 
that the photo sensor 87 does not sense the emitted 
light. When the amount of ink in the main tanks 9 de- 
creases below a predetermined value of ink amount (a 
light path from the light source 86 to the photo sensor 
87) as shown in Fig. 9B, the photo sensor 87 senses a 
emitted light emitted from the light source 86 passes 
through the case of transparent resin. In this case, it is 
judged that the residual ink amount is smaller than the 
predetermined value. 



[0105] Accordingly, the decision step S20 shown in 
Fig. 7 may be carried out depending on whether or not 
the photo sensor 87 senses the light emitted from the 
light source 86 in the construction shown in Fig. 9. When 

5 the photo sensor 87 senses the emitted light, control 
judges that the subtank 7 is in the ink-end state, and 
executes the process of the step S21 shown in Fig. 7. 
When the photo sensor 87 fails to sense the emitted 
light, it may be considered that some trouble occurs in 

10 the ink replenish ing passage or the compressed air sup- 
plying passage, or the like. In this case, an error mes- 
sage is displayed by the display 83 as stated above. 
[0106] Figs. 10A and 10B show an ink-state monitor 
according to a fourth embodiment of the invention. In 

15 this embodiment, an outer case of the main tank 9 con- 
taining ink therein is likewise made of transparent resin. 
A prism part 85 is formed at a corner defined between 
the bottom part and the side wall. An incident angle of 
light emitted from the light source 86 to the prism part 

20 85 and a reflection angle of light from the prism part 85 
to the photo sensor 87 are each set at 6 (= 45°). An re- 
sidual ink amount of the ink in the main tank is detected 
by using a difference between a critical angle of the total 
reflection determined by refractive indices at a boundary 

25 between the ink in the main tank 9 and the resin of the 
case and a critical angle of the total reflection deter- 
mined by refractive indices at a boundary between the 
air and the resin forming the case. 
[0107] As shown in Fig. 10A, when a great amount of 

30 ink is contained in the main tanks 9, an emitted light from 
the light source 86 is not sensed by the photo sensor 87 
with the prism part 85 interposed therebetween, and the 
photo sensor 87 fails to sense the emitted light from the 
light source 86. When the amount of the ink in the main 

35 tanks 9 decreases to be below the predetermined value 
(the optical path ranging from the light source 86 to the 
prism part 85), the emitted light from the light source 86 
is reflected to the photo sensor 87 as shown in Fig. 1 0B, 
and the photo sensor 87 senses the emitted light from 

40 the light source 86. 

[0108] Thus, also in this configuration, the decision 
step S20 shown in Fig. 7 may be executed depending 
on whether or not the photo sensor 87 senses the emit- 
ted light from the light source 86. When the photo sensor 

45 87 senses the light (Fig. 10B), control makes the deci- 
sion of the ink end, and the process of the step S21 
shown in Fig. 7 is executed. When the photo sensor 87 
fails to detect the emitted light (Fig. 1 0A), it may be con- 
sidered that some trouble occurs in the ink replenishing 

so passage, the compressed air supplying passage or the 
like. In this case, an error message is displayed by the 
display 83. 

[0109] Fig. 11 shows an ink-state monitor according 
to a fifth embodiment of the invention. In this embodi- 
55 ment, a couple of electrode terminals 90a and 90b ex- 
tending inward of the tank are disposed near the bottom 
part of the case of the main tank 9 containing ink therein. 
A predetermined voltage is applied to the electrode ter- 
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minal 90a from a constant voltage source 91 . A resistor 

92 is connected between the electrode terminal 90b and 
a reference potential (ground level). A voltage detector 

93 for detecting a potential across the resistor 92 is con- 
nected to the electrode terminal 90b. 

[0110] With this arrangement, when such an amount 
of ink as to allow an electrical conduction to be set up 
between the electrode terminals 90a and 90b is left in 
the main tank : a voltage higher than a predetermined 
value is detected by the voltage detector 93. When a 
residual ink amount in the main tank is at a level near 
that of the ink-end state, a voltage detected by the volt- 
age detector 93 greatly decreases. Accordingly, by uti- 
lizing this construction, a residual ink amount in the main 
tank can be detected. 

[0111] When a voltage detected by the voltage detec- 
tor 93 is below the predetermined value, control judges 
that the subtank is in the ink-end state, and executes 
the process of the step S21 shown in Fig. 7. When a 
voltage detected by the voltage detector 93 is in excess 
of the predetermined value, it may be estimated that 
some trouble occurs in the ink replenishing passage : the 
compressed air supplying passage, or the like. In this 
case, the display 83 indicates an error display. 
[0112] In the embodiments mentioned above, when 
control judges that the main tank is in the ink-end state, 
the coefficients, which are used for the calculating of a 
weight of the ink drop being ejected by the printing op- 
eration or the flushing operation, are corrected. With 
this, an accuracy of judging an ink end in the main tank 
to be used in the subsequent ink-end judging operation 
is improved. In an alternative, a correction value is 
stored every correction, operation. Those correction val- 
ues are averaged, and the averaged value is used as a 
default or a correction value selected by the user may 
be used. 

[01 13] As a sixth embodiment of the invention, a count 
value of the consumed ink amount counter 79 may be 
referred to so that the coefficient for. calculating the 
weight of the ink drop is corrected by using the count 
value, when the ink amount detector using the hall ele- 
ments 33a and 33b judges that an ink level in the main 
tanks 9 is in a LOW level. 

[0114] Specifically, the subtank 7 is replenished with 
ink till an amount of replenished ink in the subtank 7 
reaches a predetermined value (ink-full state) by utiliz- 
ing the electrical outputs from the hall elements 33a and 
33b. Thereafter, when the electrical signals output from 
the hall elements 33a and 33b indicate the ink-low state 
as the ink is consumed, and when a count value of the 
consumed ink amount counter 79 exceeds a predeter- 
mined value, the count value of the consumed ink 
amount counter 79 is transferred to the residual ink 
amount counter 80. 

[0115] Accordingly, the ink amount as defined be- 
tween the ink full state and the ink-end state, which are 
based on the output signals of the hall elements 33a and 
33b, somewhat varies among the recording apparatus. 



However, it is almost fixed in value in one and the same 
recording apparatus. Therefore, the coefficient in calcu- 
lating the weight of the ink drop may be corrected by 
referring to a count value of the consumed ink amount 
counter 79, which presented when the count value of 
the consumed ink amount counter 79 is transferred to 
the ink residual ink amount counter 80. 
[0116] When the referred count value of the con- 
sumed ink amount counter 79 is larger than the prede- 
termined value, the coefficient for the calculating of the 
weight of the ink drop is substantially large. In this case, 
the coefficient to be multiplied by the number of ink 
drops ejected from the recording head is corrected to 
be small. 

[0117] When the referred count value of the con- 
sumed ink amount counter 79 is smaller than the pre- 
determined value, the coefficient for the calculating of 
the weight of the ink drop is substantially small. In this 
case, a correction process is carried out in the contrary 
fashion as compared with the above case, whereby the 
coefficient to be multiplied by the number of ink drops 
ejected from the recording head is corrected to be large. 
By performing the correction operations, the coefficient 
may be corrected even when the main tank is being 
used. As a result, an accuracy of counting a residual ink 
value of the residual ink amount counter 80 is increased. 
[0118] This process of correcting the coefficient 
based on the count value of the consumed ink amount 
counter 79 may be executed solely or in cooperation 
with the coefficient correcting process in the control rou- 
tine shown in Fig. 7. 

[0119] There will be described below embodiments 
wherein the coefficient used in calculating the weight of 
the ink drop is corrected when the main tank is being 
used. Fig. 1 2 shows an ink-state monitor according to a 
seventh embodiment of the invention, which has a sim- 
ilar configuration to the third embodiment as shown in 
Figs. 9A and 9B. Specifically, the case forming the main 
tank 9 in which the ink is stored is made of transparent 
4 0 resin. 

[01 20] The ink-state monitor include plural pairs of the 
light sources and the photo sensors, and the light source 
and the photo sensor of each pair are located on both 
sides of the case. Specifically, in the embodiment, a light 

45 source 86a and a photo sensor 87a of a first pair are 
oppositely disposed in an upper part of the main tank 9 
as viewed in the vertical direction when it is installed. A 
light source 86b and a photo sensor 87b of a second 
pair are oppositely disposed in a middle part of the main 

so tank 9. A light source 86c and a photo sensor 87c of a 
third pair are oppositely disposed in a lower part of the 
main tank 9. The first to third photo sensors 87a to 87c 
successively receive the emitted light from the light 
sources 86a to 86c as the ink decreases in level within 

55 the main tank 9. Accordingly, the embodiment is capable 
of grasping an amount of ink stored in the cartridge in 
three steps. 

[0121] According to this configuration, when the ink 
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surface passes each of the positions where the first to 
third photo sensors 87a to 87c are disposed, a con- 
sumed ink amount is actually detected from the ink level 
thereat. Assuming that a residual ink amount in the main 
tank 9 when the first photo sensor 87a generates a de- 
tection signal is Va. and a residual amount of ink in the 
main tank 9 when the second photo sensor 87b gener- 
ates a detection signal is Vb. then a difference "Va - Vb" 
indicates an actual consumed ink amount. 
[01 22] Assuming mat a count value of the ink residual 
ink amount cojntor 80 when the first photo sensor 87a 
generates a detection s>gnal is Ca : and a count value of 
the ink residual in* amojnt counter 80 when the second 
photo sensor 87b generates a detection signal is Cb, 
then a difference "Ca - Cb" indicates a calculated con- 
sumed ink amount Hence "(Va - Vb) - (Ca - Cb)" as a 
difference between the actual consumed ink amount 
and the calculated consumed ink amount is an error in 
the calculation Therefore in tnis embodiment, the error 
is calculated when the nk bu-fnee passes the position 
of the second photo sensor 87a and the coefficient in 
calculating the wccjm o' the ink crop may be corrected. 
[0123] When -Cm Cb" is larger ihan "Va - Vb", the 
coefficient used m c. iicu.it ng the weight of the ink drop 
is substantially l.»»qe ir thic c.*se me coefficient to be 
multiplied by tie njmDc of ink drops ejected from the 
recording head is cor rccted to be srrall. When "Ca - Cb" 
is smaller man m \* vr * r^p coefficient used in calcu- 
lating the weight <-.* niv dfon •« substantially small. In 
this c£ ,e. the coe M oen: io tc multiplied by the number 
of ink drops eject c d f *orr. jn.? r cco'dmq head is corrected 
to be large. 

[0124] When tnc corsu^otior m the main tank 9 
has progressed -mo wnen tre third photo sensor 87c 
generates a d^terticn s^n^i vi/ me ink surface falls 
to the position w ore mo third photo sensor 87c is dis- 
posed, a similar co"ectmq process ts performed In this 
case, assuminq m*: -t rcs«cun amount of ink in the main 
tank 9 when the second photo sensor 87b generates a 
detection sgn-ii is Vb nnd h residual amount of ink in 
the main tank 9 when mc tnirc photo sensor 87c gener- 
ates a detection siqnai is Vc men h difference "Vb - Vc" 
indicates an actual consumec ink rimojnt 
[0125] Assumirq mat a couni value ol the ink residual 
ink amount counter 80 when the second photo sensor 
87b generates a detection signal is Cb and a count val- 
ue of the ink rosidunl ir k c.mounl counter 80 when the 
third photo senser 87c generates a detection signal is 
Cc t then a difference "Cb - Cc" indicates a calculated 
consumed ink amount Therefore the error is calculated 
in a similar manner, and the coefficient to be multiplied 
by the number of ink drops ejected from the recording 
head may be corrected 

[0126] Fig. 13 shows an ink-state monitor according 
to an eighth embodiment of the invention, which has a 
similar configuration to the fourth embodiment shown in 
Figs. 10A and 10B An outer case of the main tank 9 
containing ink therein is likewise made of transparent 



resin. A prism part 85 is formed at a corner defined be- 
tween the bottom part and the side wall. A first pair of a 
light source 86a and a photo sensor 87a is provided 
such that the light source and the photo sensor are dis- 

5 posed orthogonally to each other, while facing the prism 
part 85. A second pair of a light source 86b and a photo 
sensor 87b, and a third pair of a light source 86c and a 
photo sensor 87c are likewise provided such that those 
elements of each combination are disposed orthogonal- 

io |y to each other. The light emitted from the respective 
light sources (86a to 86c) incident on the prism part 85 
at different portions from each other so as to correspond 
to the upper part, the mid part and the lower part of the 
main tank 9. 

'5 [01 27] According to this configuration, the first to third 
photo sensors 87a to 87c successively receive the re- 
flected light from the prism part 85 as the ink decreases 
in level within the main tank 9. Therefore, as in the sev- 
enth embodiment shown in Fig. 12, a consumed ink 
amount in the main tank 9 is actually detected from the 
detection of the photo sensors. An error in the calcula- 
tion may be derived as discussed in the seventh embod- 
iment. As a result, the coefficient to be multiplied by the 
number of ink drops ejected from the recording head 
may be corrected. 

[01 28] Fig. 1 4 shows an ink-end monitor according to 
a ninth embodiment of the invention, which has a similar 
configuration to the fifth embodiment shown in Fig. 11 . 
As shown, three pairs of electrode terminals are put in 
the side wall of an outer case of the main tanks 9 con- 
taining ink therein, while being spaced from one another 
in the vertical direction of the main tank 9. In Fig. 14, 
although a constant voltage source 91 and a voltage de- 
tector 93 are connected to the third pair of electrode ter- 
minals 90e and 90f, the first pair of electrode terminals 
90a and 90b and the second pair of electrode terminals 
90b and 90c are each also connected to a constant volt- 
age source and a voltage detector in a similar manner. 
The constant voltage source 91 and the voltage detector 
93 operate as explained with reference to Fig. 11 . 
[0129] According to this configuration, a detect volt- 
age of the voltage detector 93 connected to the associ- 
ated electrode terminals greatly decreases as the ink 
decreases in level within the main tank 9. Accordingly, 
an actual ink consumption state in the main tanks 9 can 
be known by detecting this state of voltage drop. An er- 
ror in the calculation may be derived as discussed in the 
seventh embodiment. As a result, the coefficient to be 
multiplied by the number of ink drops ejected from the 
recording head may be corrected. 
[0130] In the embodiments shown in Figs. 12 to 14, 
three ink levels arc used for detecting the amount of ink 
in the main tank 9, for ease of explanation. If required, 
the number of detection ink levels may be increased to 
be more than three ink levels. 

[0131] According to the configurations of the sixth to 
ninth embodiments, the coefficient correction may be 
performed even when the main tank is being used. Ac- 
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cordingly, a counting accuracy of an ink residual amount 
value in the ink residual ink amount counter 80 is en- 
hanced. 

[0132] In the above embodiments, the coefficient to 
be multiplied by the number of ink drops ejected from 
the recording head is corrected and updated. It is known 
that a viscosity of ink varies depending substantially on 
temperature of an environment where the recording ap- 
paratus is installed, in particular temperature when the 
recording head is driven. Exactly, where temperature is 
low, a viscosity of ink is large, while where it is high, the 
ink viscosity is small. Accordingly, where temperature is 
low and the ink viscosity is large, an ink drop ejected 
from the nozzle orifice of the recording head is substan- 
tially small. Conversely, when the temperature is high 
and the ink viscosity is small, the ink drop ejected from 
the nozzle orifice of the recording head is substantially 
large. 

[0133] Accordingly, the ambient temperature of the 
recording apparatus installed will also create an error in 
the count value indicative of a residual ink amount in the 
ink residual ink amount counter 80. For this reason, it is 
desirable to execute the coefficient correcting process 
in accordance with an environment where the recording 
apparatus is operated. The temperature-dependent co- 
efficient correction process is preferably executed in the 
following way. In a cold region (viz., temperature in a 
place where the recording apparatus is installed is low), 
the coefficient to be multiplied by the number of ink 
drops ejected is corrected to be small. In a warm region 
(viz., temperature in a place where the recording appa- 
ratus is installed is relatively high), the coefficient to be 
multiplied by the number of ink drops ejected is correct- 
ed to be large. By so doing, the temperature dependen- 
cy of the recording apparatus may be lessened. 
[0134] As a tenth embodiment of the invention, it is 
preferable that a temperature detector is placed within 
the recording apparatus, particularly at a position close 
to the recording head, and the coefficient is sequentially 
corrected in accordance with temperature information 
derived from the temperature detector. In an alternative, 
the user sets a temperature on the operation panel of 
the recording apparatus, and the coefficient is corrected 
in accordance with the temperature as set. In another 
alternative, the utility of the print driver installed to the 
host computer, which is for supplying print data to the 
recording apparatus, is designed to as to allow the user 
to set temperature. 

[01 35] In the recording apparatus thus constructed, a 
counting accuracy of an ink residual amount value in the 
ink residual ink amount counter 80 is improved. There- 
fore, the following control is exactly performed: At the 
time of activation of the recording apparatus, at the time 
of replacement of the main tank or at the time of page 
break during the printing operation, a residual ink 
amount indicated by the residual ink amount counter 80 
is referred to, and when the residual ink amount is below 
an ink amount corresponding to one page of BO size 



paper, a message of an Ink-end state is displayed, and 
the operation of the recording apparatus is stopped. 
With this feature, there is no chance that the printing 
operation is interrupted and a color reproduction of the 
5 printed matter changes. Further, where the pigment-dis- 
persed ink is used as described above, the ink in the 
main tank may be used up completely. 
[0136] If the coefficient correcting process is repeat- 
edly executed for several times of the replacement of 
10 the main tank or it is sequentially executed during the 
use of the main tank, the judging accuracy may be im- 
proved. With this, variations of the judging results of the 
different recording apparatus can be made small. 
[0137] As seen from the foregoing description, ac- 
15 cording to the present invention, the coefficient used in 
the calculation of an ink amount consumed in the re- 
cording head is corrected when the ink-state monitor 
judges that the main tank is in the ink-end state or during 
the main tank is being used. Therefore, an accuracy of 
detecting a residual ink amount in the main tank is en- 
hanced. This technical feature provides controls, such 
as a control to leave a minimum amount of ink in an ex- 
act level. 



1 . An ink jet recording apparatus, comprising: 

a recording head, from which ink drops are 
ejected; 

a cartridge holder, on which an ink cartridge for 
supplying ink to the recording head is detach- 
ably mounted; 

a calculator, which performs calculation of an 
ink amount consumed by the recording head; 
a first counter, which updates a residual ink 
amount in the mounted ink cartridge based on 
the consumed ink amount calculated by the cal- 
culator; 

a monitor, which monitors an ink amount con- 
tained in the mounted ink cartridge to judge at 
least an ink-end state in which the ink amount 
in the ink cartridge is a predetermined amount 
or less; and 

a corrector, which corrects the calculation in the 
calculator based on the residual ink amount in- 
dicated by the first counter, when the monitor 
judges that the mounted ink cartridge is in the 
ink-end state. 

2. The ink jet recording apparatus as set forth in claim 
1 , wherein the calculator multiplies a coefficient by 
the number of ink drops ejected from the recording 
head at least when a printing operation is performed 
and when a flushing operation is performed. 

3. The ink jet recording apparatus as set forth in claim 
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2, wherein the corrector corrects the coefficient. 

4. The ink jet recording apparatus as set forth in claim 
2 or 3. wherein the coefficient is managed in accord- 
ance with a weight of each ink drop. 

5. The ink jet recording apparatus according to any 
one of claims 2 to 4 ? wherein the calculator performs 
the calculation every time when a cleaning opera- 
tion of the recording head is performed. 

6. The ink jet recording apparatus according to any 
one of the preceding claims, further comprising a 
subtank, which stores ink replenished from the ink 
cartridge and supplies the ink to the recording head, 

wherein the monitor judges the ink-end state 
when a predetermined amount of ink is not replen- 
ished from the ink cartridge to the subtank, even 
though a predetermined time period has elapsed 
since the ink replenishment is started. 

7. The ink jet recording apparatus as set forth in claim 

6, wherein: 

the ink cartridge and the subtank are connected 
via a replenishing passage provided with a 
valve; 

the subtank includes a detector which detects 
an ink amount contained in the subtank; 
the alve is opened when the consumed ink 
amount calculated by the calculator reaches a 
predetermined value; and 
the valve is closed when the detector detects 
an ink-full state in which the ink replenished in 
the subtank reaches a predetermined amount. 

8. The ink jet recording apparatus as set forth in claim 

7, wherein: 

the monitor includes a timer which starts clock- 
ing when the valve is opened; and 
the monitor judges the ink-end state when the 
ink-full state is not detected by the detector 
even though the timer clocks a predetermined 
time period. 

9. The ink jet recording apparatus as set forth in claim 
7 or 8, wherein the detector includes a float member 
which floats on the ink contained in thesubtank, and 
a signal generator which generates an electric sig- 
nal varied in accordance with a position of the float 
member in the subtank. 

10. The ink jet recording apparatus according to any 
one fo the preceding claims, wherein the ink-end 
state judged by the monitor is effected only when 
the updated residual ink amount of the first counter 
is a predetermined value or less. 
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11. The ink jet recording apparatus according to any 
one of the preceding claims, wherein: 

the monitor refers to the residual ink amount in- 
5 dicated by the first counter when the apparatus 

is activated, when the ink cartridge is replaced, 

and when a printing operation is paused to feed 

a next recording sheet; and 

operations of the recording apparatus is 
10 stopped when the monitor judges the ink-end 

state. 

12. The ink jet recording apparatus according to any 
one of the preceding claims, further comprising an 

15 air compressor, wherein: 

the ink cartridge includes an air-tight casing, a 
flexible ink pack containing ink therein, which 
is accommodated within the casing; and 
20 air compressed by the air compressor is ap- 

plied to a space defined between the casing 
and the ink pack so that the ink pack is contract- 
ed in accordance with the ink replenishment to 
the subtank. 

25 

13. The ink jet recording apparatus as set forth in claim 
12, wherein the monitor includes a plate member 
provided on the ink pack and a switch member 
which is operated by the plate member in accord- 

30 ance with the contraction of the ink pack. 

14. The ink jet recording apparatus according to any 
one of the preceding claims, wherein: 

35 the monitor includes a transparent part formed 

on at least a lower portion of the ink cartridge, 
at least one pair of a light source and a photo 
sensor, which are opposed to each other 
through the transparent part; and 
40 the monitor judges the ink-end state when an 

ink level in the ink cartridge lowers an optical 
path ranging from the light source to the photo 
sensor. 

-*$ 15. The ink jet recording apparatus according to any 
one of the preceding claims, wherein: 

the monitor includes a prism member formed 
on at least a lower part of the ink cartridge; and 
50 the monitor judges the ink-end state based on 

a difference between a first critical angle of total 
reflection defined by refractive indices of the ink 
in the ink cartridge and a material of the prism 
member, and a second critical angle of total re- 
55 flection defined by refractive indices of the ma- 

terial of the prism member and atmosphere. 

16. The ink jet recording apparatus as set forth in claim 
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15, wherein: 

the monitor includes at least one pair of a light 
source which emits a light beam toward the 
prism member and a photo sensor which de- 
tects the light beam reflected by the prism 
member; and 

the monitor judges the ink-end state when the 
photo sensor detects the light beam reflected 
by the prism member. 

17. The ink jet recording apparatus according to any 
one of the preceding claims, wherein: 

the monitor includes at least one pair of elec- 
trode terminals provided in at least a lower por- 
tion of the ink cartridge while extending inside 
of the inkcartridge and a detection circuit which 
detects a resistance between the electrode ter- 
minals; and 

the monitor judges the ink-end state when the 
detection circuit detects a drop of the resist- 
ance. 

18. The ink jet recording apparatus according to any 
one of the preceding claims, further comprising: 

a subtank, which stores ink replenished from 
the ink cartridge and supplies the ink to the re- 
cording head; 

a detector which detects an ink amount con- 
tained in the subtank; 

a second counter, which updates an ink amount 
consumed by the recording head based on the 
consumed ink amount calculated by the calcu- 
lator, 

wherein the corrector corrects the calculation 
in the calculator based on theconsumed ink amount 
indicated by the second counter, when the detector 
detects that the ink amount in the subtank is a pre- 
determined amount or less. 

19. A method of correcting calculation for an ink amount 
consumed in a recording head Incorporated in an 
ink jet recording apparatus, the step comprising the 
steps of: 

providing an ink tank which supplies ink to the 
recording head; 

providing a counter which Indicates a residual 
ink amount in the ink tank; 
calculating an ink amount consumed by the re- 
cording head; 

updating the residual ink amount indicated by 
the counter, based on the calculated consumed 
ink amount; 

monitoring a residual ink amount in the ink tank 



independently from the counter; and 
correcting the way of calculation, based on the 
updated residual ink amount of the counter 
when the monitored residual ink amount is pre- 
5 determined amount or less. 

20. The correction method as set forth in claim 19, 
wherein: 

10 the calculation is performed by multiplying a co- 

efficient by the number of ink drops ejected 
from the recording head at least when a printing 
operation is performed and when a flushing op- 
eration is performed; and 
'5 the coefficient is corrected in the correcting 

step. 

21 . An ink jet recording apparatus, comprising: 

20 a recording head, from which ink drops are 

ejected; 

a cartridge holder, on which an inkcartridge for 
supplying ink to the recording head is detach- 
ably mounted; 

25 a subtank, which stores ink replenished from 

the ink cartridge and supplies the ink to the re- 
cording head; 

a detector, which detects an ink amount con- 
tained in the subtank; 

30 a calculator, which performs calculation of an 

ink amount consumed by the recording head; 
a counter, which updates a consumed ink 
amount based on the consumed ink amount 
calculated by the calculator; and 

35 a corrector, which corrects the calculation in the 

calculator based on the consumed ink amount 
indicated by the counter, when the detector de- 
tects that the ink amount in the subtank is a pre- 
determined amount or less. 

40 

22. A method of correcting calculation for an ink amount 
consumed in a recording head incorporated in an 
ink jet recording apparatus, the step comprising the 
steps of: 

45 

providing an ink tank which supplies ink to the 
recording head; 

providing a counter which indicates an ink 
amount consumed by the recording head; 
so calculating an ink amount consumed by the re- 

cording head; 

updating the consumed ink amount indicated 
by the counter, based on the calculated con- 
sumed ink amount; 
55 monitoring a residual ink amount in the ink tank 

independently from the counter; and 
correcting the way of calculation, based on the 
updated consumed ink amount of the counter, 
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when the monitored residual ink amount is pre- 
determined amount or less. 
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